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論 文 内 容 要 旨 
Introduction  
In 2011, Fukushima’s earthquake caused the nuclear leak from Fukushima Daiichi nuclear power 
plant, leading to a generation of a large amount of radiation-tainted water. 90Sr is known as one of 
the most biologically hazardous radioisotopes because of its long half-life and chemical similarity 
to calcium, resulting in the accumulation of 90Sr in the bone, which may cause leukemia or other 
radiation related diseases. Sodium titanates have gained much attention because radioactive cations 
can be preferentially exchanged with the intercalated sodium cations and the adsorbed radioactive 
ions can be immobilized, leading to safe disposal. Previously, our lab found that fine sodium 
titanate nanowires can be fabricated by a simple immersion of Ti6Al94 alloy ribbons in aqueous 
NaOH solution at room temperature. The process involved the selective leaching of Al followed by 
the oxidation of Ti. The resulting sodium titanates exhibited a remarkable adsorption abilities for 
Sr2+ ions.1 The requisite alloy ribbons were prepared from a mother alloy ingot of Ti6Al94 by melt 
spinning method with a rapid quenching system. However, it is known that the melt spinning 
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technique is suitable for lab scale preparation, but not for industrial scale. On the other hand, the gas 
atomization technique is known as a rapid quenching system for fabrication of alloy powders, and it 
has some advantages compared to the melt spinning method, such as massive production and 
facilitating achieving industrial production.  
 
Results and discussion 
Chapter 1. Fabrication of titanate nanowires with ion-exchange properties from Ti6Al94 alloy 
powders by using the gas atomization technique 
Ti6Al94 alloy powders were fabricated by the gas atomization technique, and the resulting 
powders were screened to afford grained alloy with 25-45 μm size. The obtained materials have 
spherical shapes, and they were characterized by SEM, EDX, and XRD observations. Then, they 
were treated with alkaline solution to give the sodium titanate nanowires. The structure was 
confirmed by FE-SEM observations as shown in Figure 1, and the chemical composition was 
determined based on the ICP analysis. The obtained sodium titanate nanowires showed higher 
adsorption abilities of Sr2+ ions rather than the nanowires derived from the ribbons with the melt 
spinning technique. Furthermore, the nanowires showed high adsorption abilities towards Ba2+ and 
Cs+ ions. The observed high adsorption properties are probably due to the high surface area and 
wide interlayer distance, which are constructed by the dealloying-oxidation fabrication method 
under mild preparation conditions. 
 
 
 
 
Chapter 2. Fabrication of titanate nanowires with ion-exchange properties from TiAl3 alloy 
powders by using the gas atomization technique 
On the basis of the results mentioned above, the plausible mechanism of the dealloying oxidation 
method was proposed as shown in Scheme 1. In the first step, Al matrix dissolved in alkaline 
solution to release TiAl3 nanocrystals. In the second step, Al leaching occurred from these 
nanocyrstals, followed by oxidation of the resulting isolated titanium, leading to sodium titanates. 
Figure 1. FE-SEM image of sodium titanate nanowires 
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To support this assumption, the fabrication of sodium titanate nanowires from the TiAl3 alloy 
powders were examined. 
 
 
 
Scheme1. Plausible mechanism of the dealloying oxidation process 
 
TiAl3 alloy powders were fabricated from TiAl3 alloy ingot by the gas atomization technique, 
and the resulting powders were screened to afford grained alloy with 25-45 μm size. The sodium 
titanate nanowires were prepared from these alloy powders as expected by the dealloying oxidation 
method in alkaline solution, and they were characterized by FE-SEM, EDX, TEM and XRD 
observations. The Sr adsorption experiments with the resulting nanowires were examined, and high 
adsorption properties were observed.2 These nanowires also show high adsorption abilities towards 
Ba2+ and Cs+ ions. These results clearly indicated that the precursors of fine sodium titanate 
nanowires were TiAl3 nanocrystals. 
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論文審査の結果の要旨 
 
本博士論文は、チタン合金からチタン酸ナノ材料を作製し、これを様々な放射性イオンの
吸着材として応用することを目的としたものである。これまでにチタン－アルミニウム合金
をメルトスピン法でリボン状に加工し、これに対し室温でアルカリ処理すると微細なナノワ
イヤー形状から成るチタン酸ナトリウムが合成できることが示されていた。得られた材料は
層状構造を有し、ストロンチウムイオンに対して高い吸着特性を示した。しかし本手法にお
けるチタン合金の検討が十分ではなく実際の合金前駆体の組成も不明であった。そこで本論
文では原料となる合金組成を変化させることで本反応のより詳細な解明を目指すと共に、更
なる吸着機能の向上や本材料の工業的規模での作製を視野に入れたガスアトマイズ法による
合金粉末作成について検討した。 
第一章では、Ti 6Al 94 から成るチタン－アルミニウム合金塊に対してガスアトマイズ法を用
いて合金粉末を作製し、その粉末を用いたチタン酸ナトリウムナノ材料の作製を行った。得
られたナノ材料は電子顕微鏡による解析から直径 10nm 程度のナノワイヤー構造を有し、XRD
解析から層状構造を有していることを明らかにした。続いて本材料をストロンチウム、バリ
ウム、セシウムの各イオンに対する吸着特性を調べた。特にストロンチウムイオンに対する
吸着容量をメルトスピン法から得られた材料よりも向上させることに成功した。 
第二章では、本ナノワイヤー材料の実際の合金前駆体を明らかにするため、合金組成の検
討を行った。その結果 TiAl 3 から成るチタン－アルミニウム合金塊に対してガスアトマイズ
法またはハンマー粉砕により合金粉末を作製し、得られた粉末をアルカリ処理したところ、
同様なチタン酸ナトリウムナノワイヤーが得られた。この結果より、本材料の前駆体は TiAl 3
であることを明らかにした。本材料のイオン吸着特性を評価したところ、やはりメルトスピ
ン法から得られた材料よりも向上することを見出した。 
本博士論文の結果は、自立して研究活動を行うに必要な高度の研究能力と学識を有するこ
とを示している。従って、張曼の提出の博士論文は、博士（理学）の学位論文として合格と
認める。 
